Abstract: Salmonella isolates should be distinguished as it may assist in tracing the source of an outbreak and monitoring trends in antimicrobial resistance associated with a particular type. The specific detection of these Salmonella serotypes is therefore extremely important in order to attribute an isolate to a previously known epidemic outbreak. The present investigation was to isolate and identify S. Gallinarum, to study variation in the profile of outer membrane proteins (OMPs) and to determine in vitro antibiogram of S. Gallinarum in poultry. A total of 228 faecal samples and 22 visceral samples suspected for Salmonellosis were collected, of these 15 samples (6.0%) were found positive for S. Gallinarum. In the present study, rfbS gene sequence was helpful in the serotype-specific detection of S. Gallinarum giving a 187 bp product. Salmonella Gallinarum crude protein extracts determined by SDS-PAGE showed migration of OMPs as several bands at approximate moleculer weights of appx. 45 kDa, 55 kDa, 64 kDa, 65 kDa, 74 kDa, 110 kDa, 120 kDa, 135 kDa, 150 kDa,155 kDa, 200 kDa and above 200 kDa. The study indicated a definite variation in the profile of OMPs of various Salmonella Gallinarum strains with major OMPs in the range of appx 80-100 kDa which could be the target for vaccine production. All the isolates tested against 14 antimicrobial agents showed variable susceptibility pattern with highest resistance to nalidixic acid, ampicillin and sulphadiazine and sensitivity to chloramphenicol, gentamicin and enrofloxacin.
INTRODUCTION
Salmonella are well-known pathogens, highly adaptive and potentially pathogenic for humans and/or animals. Salmonella express flagella, polysaccharide and capsular antigens which determine strain pathogenicity and therefore variation of these antigens has formed the basis for Salmonella serotyping. Salmonella Gallinarum is the only serotype in the Kauffmann-White scheme that does not express any flagella antigen and is therefore non-motile (Sonne-Hansen and Jenabian, 2005) . Salmonella Gallinarum is the causative agent of fowl typhoid, a severe systemic disease of chicken and other galliforme birds (Gast, 1997) . Clinical signs of fowl typhoid in chicken include anorexia, diarrhoea, dehydration, and decreased egg production (Christensen et al., 1992a,b) . A rapid polymerase chain reaction (PCR) method based on the detection of rfbS gene for the serotype-specific detection of S. Gallinarum and its differentiation from the closely related S. Pullorum has been developed which encodes paratose synthetase. This gene was found to be uniquely present in the serotypes belonging to Salmonella serogroup D (Verma and Reeves, 1989; Liu et al., 1991) . Since proteins are better antigens than carbohydrates, the outer membrane proteins (OMPs) of Salmonella have been considered possible candidates for conferring protection against fowl typhoid. OMPs interface the cell with the environment, thus represent important virulence factors with a significant role in the pathobiology of gram-negative bacteria and bacterial adaptation. Induction of protective immunity by such protein antigens has been demonstrated by Plant et al. (1978) . The use of outer membrane proteins (OMPs) from Salmonella Gallinarum was examined for its protective ability in a vaccine preparation (Bouzoubaa et al., 1987; Bouzoubaa et al., 1989; Prakash et al., 2005; Sahar et al., 2009) . Antimicrobial resistance is the capacity of bacteria to survive exposure to a defined concentration of an antimicrobial substance. Antimicrobial resistance is one of the major health problems in human and veterinary medicine and has tremendous economic consequences that lead to strong scientific and public-health efforts to improve the situation. Therapeutic regime is important for monitoring drug resistance pattern, and is important to devise a comprehensive chemoprophylactic and chemotherapeutic drug schedule within a geographical area (Murugkar et al., 2005) . The major selective pressures on Salmonella arise from the overuse of antimicrobials for prophylaxis and therapy. In particular, the wide use of mixtures of antimicrobials, antimicrobials mixed into animal feeds and therapy without diagnosis leads to a long-lasting, strong selective pressure in animal husbandry and on Salmonella in intensive production units. The main objectives of the study were to isolate and identify S. Gallinarum. to determine the variation in the profile of Outer Membrane Proteins (OMPs) of S. Gallinarum and to study the in vitro antibiogram of S. Gallinarum isolates from chicken.
MATERIALS AND METHODS

Sampling and isolation:
A total of 250 samples consisting of 228 faecal samples from live diseased birds and 22 visceral samples were collected randomly from private and government poultry farms. Samples were directly inoculated in Tetrathionate broth (TTB) and incubated at 42°C for 48 hrs for primary enrichment. Suspected colonies were further purified by subculture and transferred onto nutrient agar slants. Characterization and preliminary identification of suspected S. Gallinarum colonies was made on the basis of morphological, cultural and biochemical characteristics (Holt et al.,1994) . Molecular detection by polymerase chain reaction: Salmonella Gallinarum isolates were identified by targeting rfbS gene using a PCR method for serotypespecific detection of S. Gallinarum as described by Shah et al. (2005) . Extraction of bacterial DNA was done by boiling method. A primer set consisting of forward primer, rfbS F (5' GTA TGG TTA TTA GAC GTT GTT 3') and reverse primer, rfbS R (5' TAT TCA CGA ATT GAT ATA CTC 3') were used in the present study as designed by Shah et al. (2005) . All PCR assays were carried out in sterile 0.2 ml PCR tubes. Each PCR mixture of 25µl consisted of 2.5 µl of 10X buffer, 1.5 mM MgCl 2 , 0.2 mM dNTP mix, 0.5 µl primers forward and reverse (20 pmol each), template DNA (about 100 ng), 2.5 U of Taq DNA polymerase and nuclease free water (17.3 µl). The cycling parameters included an initial denaturation of 94°C for 5 min, followed by 33 cycles of denaturation at 94°C for 1 min, annealing at 60°C for 1 min, extension at 72°C for 1 min and the final extension was at 72°C for 5 min. The amplification product was analyzed by submarine gel electrophoresis and calibrated by a 100 bp DNA marker (MBI Fermentas, USA). The products were analyzed using Uvitec, Genei transilluminator and then photographed under UV gel documentation system (Ultracam Digital Imaging, Ultra Lum. Inc, Claremont, CA). Isolation and purification of outer membrane proteins: Salmonella Gallinarum outer membrane proteins were isolated by the method of Choi et al. (1991) with modifications. The isolates were inoculated in Luria Bertaini broth and the inoculated broth was kept in a shaking incubator at 37º C for 16 hrs, 200 rpm. The samples were centrifuged at 8000 rpm for 20 mins at 4ºC. The supernatant was discarded and the cell pellets were used for outer membrane protein isolation. The cell pellets were stored at -40 to -80º C. The cell pellets were dispersed in 10 ml of 10 mM HEPES (pH 7.4) and vortexed properly for 5 mins. The pellets were sonicated at an amplitude of 30 % with 59 sec on ice. The samples were further centrifuged at 17,000 g for 20 mins at 4º C to remove the cell debris. The supernatants were subjected to ultracentrifugation at 2,30,000 g for 70 mins at 4ºC to pellet the membrane fraction. The pellets were incubated in 10 ml of 2% sodium sarkosynate in HEPES overnight at room temperature. The samples were again subjected to ultra-centrifugation at 1,25,000 g for 110 mins at 4º C. The supernatants were discarded and the pellets were dissolved in 200 µl of PBS. These were used as outer membrane proteins.
SDS-PAGE:
The variation in the outer membrane proteins (OMPs) was analysed by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) using discontinuous buffer system (Laemmli and Laemmli, 1970) . Following electrophoresis, the gel was stained with Comassie blue R250 stain, allowing visualization of the separated proteins. A molecular weight marker of known molecular weight was run in a separate lane in the gel, in order to calibrate the gel. The staining was carried overnight in a rocker. After staining, the gel was destained in a destaining solution of acetic acid and methanol. Protein bands were visualized and photographed by Gel Documentation System. Antibiotic sensitivity test: In vitro antibiotic sensitivity pattern of the Salmonella Gallinarum isolates to various antimicrobial agents was determined by disc diffusion method (Bauer et al., 1966) . A predetermined battery of antimicrobial discs was used in the present study. The interpretation of the isolates as sensitive, intermediate, and resistant was done as per manufacturer's instructions.
RESULTS
Isolation and detection of Salmonella Gallinarum:
Out of 250 samples, 15 samples (6.0%) were found positive for S. Gallinarum by conventional isolation and identification methods in the laboratory and by polymerase chain reaction (Table 1) . Positive samples generated an amplicon of 187 bp on the amplification of rfbS gene (Fig.1) .
OMP profile of Salmonella Gallinarum isolates:
Five representative samples were selected from the 15 isolates of Salmonella Gallinarum for the OMP extraction and five different profiles were observed on the extraction of OMP. On comparing OMP profiles of vari-ous Salmonella Gallinarum isolates it was observed that the major OMPs were in the range of appx. 80-100 kDa. (Fig. 2) Invitro antibiotic sensitivity pattern of Salmonella Gallinarum isolates: For the antibiotic sensitivity test a total of 15 isolates of S. Gallinarum were tested against 14 antimicrobials and the results obtained were recorded (Table 2) . Almost all S. Gallinarum isolates were resistant to nalidixic acid, ampicillin and sulphadiazine and were sensitive to chloramphenicol, gentamicin and enrofloxacin.
DISCUSSION
Salmonella infection is serious medical and veterinary problem world-wide causing great concern in the food industry. Two avian-adapted serovars S. Gallinarum and S. Pullorum are causative organisms of fowl typhoid and pullorum disease respectively (Lee et al., 2003) . Fowl typhoid (S. Gallinarum) and Pullorum disease (S. Pullorum) remain to cause economic losses throughout the globe (Mastroeni and Menager, 2003) due to heavy mortality in poultry. Isolation of Salmonella from poultry and poultry products is higher as compared to the isolation from other animal species (Davies and Breslin, 2003; Myint, 2004) . In the present study, isolation of Salmonella from poultry tissue samples (visceral organs) was 3/22 (13.63%) ( Table  1) . This is higher than the findings of who reported 2.7% isolation of Salmonella from poultry tissues. This variation may be associated with various factors such as season of the study, geographic location and hygienic conditions in the farm. S. Gallinarum and S. Pullorum are non-motile, host adapted avian pathogens belonging to Salmonella serogroup D (Pomeroy and Nagaraja, 1991) . Serotypes Gallinarum (SG), Pullorum (SP) and Enteritidis (SE) are very similar from the point of view of their antigenic structure, however, they are responsible for distinctly different diseases in chicken (Shivaprasad, 2000; Gast, 1997) , this makes specific detection of these Salmonella serotypes extremely important from epidemiological and preventive perspectives. Polymerase chain reaction (PCR) can particularly be a useful tool to provide rapid and definitive detection of these avian Salmonella serotypes . Interestingly, rfbS gene encoding paratose synthetase (a final step in the biosynthetic pathway of O-side chain sugars) was found to be uniquely present in the serotypes belonging to Salmonella serogroup D (Verma and Reeves, 1989; Liu et al., 1991; Luk et al., 1993) . The primers used in this study proved to be specific for the PCR detection of all S. Gallinarum isolates identified by conventional tests and gave positive bands with PCR detection. A unique amplification product of 187 bp pairs was obtained with S. Gallinarum specific isolates which corresponded with the findings of in South Korea and Al- Ledani et al. (2014) . Also a same study was carried out by Desai et al. (2005) for the serotype-specific detection of Pullorum and its differentiation from the closely related Gallinarum using a rapid allele-specific polymerase chain reaction (PCR) method based on the nucleotide polymorphism in rfbS gene sequence. This observation also confirms the preliminary findings made by Park et al. (2001) in Korea for differential diagnosis of S. Gallinarum and S. Pullorum using PCR-RFLP and AL- Iedani et al. (2014) using rfbsg and rfbsp genes amplification of S. gallinarum and S. pullorum . Salmonella possess surface structures that can induce protective humoral and cellular immune responses following experimental infection in poultry (Liu et al., 2001; Timms et al., 1994) . These components include LPS, OMPs, fimbriae and flagellin. The OMPs of gram-negative bacteria are immunologically important because of their accessibility to the host defense system. There are some strains which vaccines do not cover, hence for these bacteria the novel immunogenic targets are being researched for designing new vaccines. The heterogenicty may serve as a target for vaccine production. Heterogenicity in outer membrane protein profile indicates that there could be definite strain variation in Salmonella Gallinarum isolates. Heterogenicity may be due to variation in habitat, host range and virulence. However, some similarity in OMP profile was observed for some isolates of Salmonella Gallinarum and the common OMPs of different Salmonella Gallinarum isolates exhibited major bands in the region of nearly 80-100 kDa, which could be the target for vaccine production (Prakash et al., 2005 
Conclusion
It was concluded that 15 samples (6.0%) were found positive for S. Gallinarum by conventional isolation and identification methods and rfbS gene sequence was helpful in the serotype-specific detection of S.
Gallinarum giving an amplification product of 187 bp. SDS-PAGE showed migration of OMPs as several bands at approximate moleculer weights of appx. 45 kDa, 55 kDa, 64 kDa, 65 kDa, 74 kDa, 110 kDa, 120 kDa, 135 kDa, 150 kDa,155 kDa, 200 kDa and above 200 kDa. Some similarity was observed in some isolates of S. Gallinarum, showing common bands in the region of nearly 80-100 kDa and the major protein bands occupied the range approximately from 85 to 120 kDa constituting the majority of the S. Gallinarum OMP bands. Variation in the outer membrane proteins may be due to strain variation which may serve as a potential target for vaccine production and may also indicate various genetic mutations in S. Gallinarum strains. Almost all S. Gallinarum isolates were resistant to nalidixic acid, ampicillin and sulphadiazine but were sensitive to chloramphenicol, gentamicin and enrofloxacin. So farmers, veterinarians, slaughter and food manufacturing facilities etc should go for judicious use of antibiotics in the animal industry and implement biosecurity measures to address problem of dissemination of antimicrobial resistance in Salmonella in addition to other infectious agents.
